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ABSTRACT

Background: Postoperative chylothorax is a chyle extravasation into the pleural space due to disruption of the thoracic duct
within 30 days of surgery. When chest tube output is >1,100 ml over any 24 hours, >1 L/day for more than five days, or >2 L
after two days of optimal conservative therapy such as dietary modification and pharmacological therapies, operative therapy
or surgical intervention should be considered. Here we present a case of refractory chylothorax after pediatric surgery that did
not respond to conservative treatment, and aim to investigate the recommended treatment guideline.

Case Presentation: A 3-year and 9-month-old pediatric patient with dextrocardia mirror-image, double outlet right
ventricle (DORV), hypoplastic left ventricle, malposition of the great arteries, and severe pulmonary stenosis underwent
a right-sided pulsatile Bi-directional Cavo-pulmonary Shunt (BCPS) and concurrent patent ductus arteriosus ligation. The
patient was re-admitted to the hospital following the procedures due to productive cough, dyspnea, and decreased appetite.
The chest x-ray revealed a suspicion of BCPS obstruction and left-sided milky pleural effusion. Thoracic duct ligation was
performed. The patient’s condition improved.

Conclusion: The management of post-operative chylothorax is based on the chyle production. Patients not responding to
conservative treatment may need secondary invasive interventions with undetermined optimal timing. However, the current
paradigm suggests that 5-14 days of conservative treatment is adequate to evaluate the need for invasive treatment. High-
risk patients may require early invasive treatment, hence the need for risk factor assessment, including superior vena cava
high pressure, premature birth, low postoperative albumin, and low body weight and height.
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INTRODUCTION

A chylothorax is a medical condition of
chyle extravasation into the pleural space
as a result of possible obstruction or
injury of the thoracic duct. The pleural
fluid often has a milky appearance and
is characterized by elevated triglycerides
of >110 mg/dl or the presence of
chylomicrons.! Postoperative chylothorax
is described as the chylothorax that
develops within 30 days of surgery. The
amount of the product may be classified
based on the maximum cumulative output
of all inserted chest tubes for 24 hours.
Chylothorax was classified as high (=20
ml/kg/day) or low (<20 ml/kg/day). When
chest tube output is >1,100 ml over any 24
hours, >1 L/day for more than five days, or
>2 L after two days of optimal conservative

therapy, operative therapy or surgical
intervention should be considered.
Lifestyle and dietary modification,
along with medical therapies such as
pleural fluid drainage and the use of
somatostatin analogue, may be considered
for chylothorax cases with lesser amounts
of chest tube product. Somatostatin and
octreotide, as somatostatin analogues,
function to inhibit somatostatin receptors
in lymphatic vessels, thus constricting
the lymphatic vessels and reducing the
lymphatic fluid secretion. The previous
research showed that surgical duct ligation
is more effective than thoracic duct
embolization, with the ability to cannulate
the cisterna chyli being the limiting factor.?
The increased  incidence of
postoperative chylothorax is associated

with the increased number of pediatric
cardiac  surgeries.>* The proposed
mechanisms of postoperative chylothorax
are damage to the thoracic duct, disruption
of the accessory lymphatic vessel, and
increased pressure in the superior vena
cava.*

Despite the magnitude of postoperative
chylothorax after pediatric cardiac surgery,
the lack of a definitive guideline leads
to practice variation. The “Chylothorax
Work Group” has developed a consensus
to address this problem. The groups
intention in developing the consensus is
not essentially to be a definitive guideline,
but to act as a platform to drive further
studies into a definitive guideline.®

The standard approach to managing
chylothorax  typically  begins  with
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CASE REPORT

Thepatient’schestx-rayphotopost-
Bidirectional ~ cavo-pulmonary
shunt (BCPS) on November 2™
2023, with dextrocardia mirror-
image, widened vascular pedicle,
rounded cardiac apex, and clear,
normal lungs.

Figure 1.

Figure 2.

The patient’s thorax x-ray on
the first day of admission after
surgery on November 16% 2023,
showed a large opacity of the left
lung, indicating massive left-sided
pleural effusion. This finding
highlighted the urgency for further
action to manage the effusion and
the patient’s complaints.

conservative therapy. When patients do
not respond adequately, the condition is
classified as refractory chylothorax and
may require more invasive interventions.
However, the appropriate timing for
transitioning to invasive treatment
remains a matter of debate. In this report,
we present the first documented case
of refractory chylothorax following a
Bi-directional Cavo-pulmonary Shunt

Figure 3. Post-water seal drainage (WSD)
thorax x-ray photo on November
18h 2023, showed improvement
in the previous pleural effusion
marked by the clearer lucency on

the upper left lung.

Post-duct ligation thorax x-ray
photo on December 4, 2023,
showed a prominent reduction in
the left pleural effusion marked by
increasing lucency of the left lung.

Figure 4.

(BCPS) in a pediatric patient at Dr. Sardjito
General Hospital, the highest referral
center in the Special Region of Yogyakarta,
which failed to improve with conservative
measures. Based on those mentioned
above, this case study aims to explore
current evidence-based recommendations
for managing such complex situations.

CASE PRESENTATION

The patient was a 3-year-old and
9-month-old female. Six months prior to
the admission, she was diagnosed with
dextrocardia mirror-image, double outlet

Figure 5.

The patient’s thorax x-ray image
before being discharged from the
hospital on December 9, 2023,

showed dextrocardia mirror-
image and clear, normal lungs.

right ventricle (DORV), hypoplastic left
ventricle, malposition of the great arteries,
and severe pulmonary stenosis. Two
weeks before the admission, the patient
underwent a right-sided BCPS procedure
with maintenance of an open main
pulmonary artery (pulsatile BCPS) and
concurrent patent ductus arteriosus (PDA)
ligation. Intraoperative ~measurements
revealed a pulmonary artery pressure of
18 mmHg. There was no significant post-
operative complication observed in the
patient as shown in the chest x-ray photo
(Figure 1). After being discharged, she
was then given a prescription of sildenafil,
furosemide, aspirin, and captopril.

The patient presented in the outpatient
clinic with a productive cough, dyspnea,
and  decreased  appetite  without
significant impact on routine activities.
Clinical examination disclosed cyanosis,
particularly evident in the oral region.
Facial edema was apparent without nasal
flaring or chest wall retractions. Left lung
vesicular sounds were inaudible, with
ronchi detected in the right lung. A grade
3 systolic murmur was auscultated along
the right parasternal line. The extremities
exhibit warmth, cyanosis, and clubbing of
the fingers. The heart rate was 140 beats
per minute, the respiratory rate was 40
breaths per minute, the body temperature
was 36.8 °C, and the oxygen saturation was
72%.
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Those findings led to the suspicion
of an obstruction of the previously
performed BCPS. A chest x-ray was
obtained as shown in Figure 2, revealing
a substantial left-sided pleural effusion.
Subsequently, a chest tube was promptly
inserted on the day of admission, followed
by a decrease in pleural effusion volume
within 2 days, as shown in Figure 3, and
the product confirmed the presence
of milky pleural effusion. Laboratory
analysis of the effusion exhibited a positive
Rivalta test, LDH of 358, and triglyceride
levels of 1,200. Starting from the 5th day
of care, the patient was given medium-
chain triglyceride (MCT) based enteral
nutrition. On the next day, the chest tube
output was 330ml/day (22.5ml/kg/day),
and we started giving total parenteral
nutrition (TPN) to the patient. Intravenous
octreotide was initiated on the 9th day
with an initial dose of 1 mcg/kg/day. The
octreotide dose was then increased to 3
mcg/kg/day on the following day. On the
12th day of care or the 6th day since the
start of TPN, considering the persistent
drainage was more than 20 ml/kg/day, it
was deemed necessary to proceed with a
thoracic duct ligation. Concurrently, the
octreotide dose was increased to 6 mcg/
kg/day.

On the 18th day of care (12th day
of TPN), the thoracic duct ligation was
performed. Intraoperative observation
showed that the left lung was not able to
fully inflate because of the fibrosis and
adhesion in the surrounding tissue. The
procedure led to a reduction in chest tube
drainage to a range of 30-60 ml/day (2.04
- 4.09 ml/kg/day) and the more improved
thorax x-ray image as shown in Figure
4. The chest tube was removed five days
after the procedure was done. The patient
reported minimal dyspnea, absence of
cough, and exhibited stable vital signs as
well as hemodynamics encouraged by
normal thorax x-ray (Figure 5).

DISCUSSION

Chylothorax is one of the significant
complications following congenital cardiac
surgery in pediatric patients, although
rare. Several mechanisms underlying
postoperative chylothorax  include
direct injury of the lymphatic vessels or
the thoracic duct, hypertension of the

systemic vein, as well as vein thrombosis.
Surgical incisions on the neck and thorax
or needing mobilization over the thoracic
duct may injure the duct, which commonly
drains to the systemic venous circulation
at the subclavian vein and the internal
jugular vein junction. This often occurs in
patients undergoing procedures for patent
ductus arteriosus (PDA) or coarctation
of the aorta. As a consequence, the chyle
from the duct drains to the mediastinum
or passes through the pleural cupola,
accumulates in the pleural spaces, creating
effusion, and induces an inflammatory
reaction.>*¢

Increased central venous pressure
(CVP), higher than lymphatic pressure,
resulting in chylothorax, may also
appear in patients of bidirectional or
total cavopulmonary shunt and Fontan
procedures, similar to the patient in our
case.»*”8 The increase in systemic venous
hydrostatic pressure induces congestion,
which disrupts the normal flow of the
lymphatic circulation and stimulates more
lymph production, specifically from the
liver. The definition of high venous pressure
remains debatable, but some evidence
reported 15 mmHg as the cut-off value
due to worse hemodynamic outcomes
when the value exceeds CVP >15 mmHg,
as minimum as 50%-75% of the lymphatic
flow is also preserved with a CVP <15
mmHg.”® Moreover, because the vena cava
is anastomosed directly to the pulmonary
artery, the arterial pressure (PAP) will also
affect the CVP. The recommended PAP for
a successful BCPS or Fontan procedure is
<15 mmHg.® However, a more recent study
reported that intraoperative CVP must be
preserved at 15-20 mmHg to allow passive
pulmonary perfusion and optimal cardiac
output.'® Therefore, the decision to manage
the patient’s CVP should be based on their
clinical conditions and comorbidities.

Despite the common incidence and
comorbidities, currently, there is no
standard guideline for postoperative
chylothorax management. An initiative
called “Chylothorax Work Group” has
tried to construct a consensus about some
recommendations on the management of
post-operative chylothorax in pediatric
congenital heart disease, and it is meant
to be a starting point for further study
about chylothorax and eventually lead to

definitive guidelines.’

The management concept of post-
operative chylothorax divides chylothorax
into low-volume and high-volume
chylothorax based on the quantity of
the chest tube output. Conservative
treatment, such as pleural drainage, fat-
modified diet with medium-chain fatty
acids (MCFAs) with subsequent nil-per-os
(NPO), and pleurodesis to obliterate the
pleural space, is considered suitable for
the initial approach. The first conservative
treatment phase includes a diet with
MCFAs for 5-7 days, which will reduce
the chyle production due to their direct
absorption into the portal venous system
instead of the intestinal lymphatic system.
This reduction in the flow of lymph also
promotes the spontaneous closure of the
lymph leak. The second phase is oral feeds
termination, followed by TPN for 5-7 days.
On the other hand, chemical pleurodesis
can be used to reduce the need for surgical
therap}’.4'll’12

Cases that do not respond well to
conservative treatment are categorized
as refractory chylothorax and may need
further medications, such as octreotide for
5-7 days if the chest tube drainage remains
>20 ml/kg/day, reduction of central venous
pressure up to <15 mmHg, or secondary
invasive interventions.*»”!' Octreotide, a
somatostatin analogue used for the patient
in our case, was expected to stimulate
the chylous fistula closure. Octreotide
is generally safe despite being used with
high doses and for up to 3 weeks. The
recommended dose of octreotide is 0,5-20
mcg/kg/hour or 6 mg/day intravenously
or 100 mcg every 8 hours if given as a
subcutaneous injection.'*” If required,
an initial dose of 1 mcg/kg/hour can be
increased daily by 1-10 mcg/kg/hour up
to a maximum dose of 20 mcg/kg/hour,
such as in persistent chylothorax."* In
our case, the patient did not respond to a
similar initial dose, hence the dose was up-
titrated before it was eventually decided
that surgery would be performed.

Another  alternative = management
besides conservative treatment includes
embolization of the thoracic duct.®'?

Percutaneous duct embolization or
disruption has been considered an
important  non-surgical  high-output

chylothorax management, with a success
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rate up to 80%. The interruption of the
duct will trigger thrombus formation and
inflammation, promoting closure of the
leak. Albeit being a therapy option for
the patient in our case, duct embolization
using a catheter would not be feasible to
do safely due to the small diameter of the
patient’s thoracic duct.

Therefore, the patient in our case
finally received a secondary intervention
of thoracic duct ligation after the 12 day
of TPN. Ligation of the duct is the first-
line surgical therapy.® Thoracic duct mass
ligation targets the duct to be sealed as it
drains into the right hemithorax through
the aortic hiatus. This procedure may be
performed using open thoracotomy or a
minimally invasive surgery technique via
robotic or video-assisted thoracoscopy,
which has been proven to have better
results.”

Currently, there is no ideal time to
switch to secondary invasive treatment
on refractory chylothorax, conservative
therapies, which are standardized in all
centers. Waiting longer to see whether
the patient responds to conservative
treatment can minimize the rate of
invasive treatment, but not without its
risks. A more extended period of high-
volume chylothorax can lead to severe
complications such as infection (plastic
bronchitis), thrombosis, deficiency of
protein, immunologic deficiencies, and
even death.**”"* In addition, because in
our case the chest tube product of 20 ml/
kg/day did not show improvement, and the
patient continued to be fed with low low-
fat diet, long observation, especially for
pediatric patients, will potentially worsen
their clinical manifestations, nutritional
status, as well as mental status. The risk
associated with invasive treatment is also
considered small compared to the benefits,
one of which is right ventricular failure
prevention by BCPS, hence mortality
reduction, especially in the cases of
persistent high-output chylothorax.*'¢ The
decision to give early surgical intervention
for our patient was expected to improve
the chylothorax sooner as well. Therefore,
there came a paradigm shift towards
earlier utilization of invasive treatment,
with success rate evidence up to 90%."2

Despite the traditional practice of
3-4 weeks of conservative treatment

before considering invasive treatment,
evidences suggest that as early as 5-7 days
up to 14 days of conservative treatment is
enough to evaluate the need for invasive
treatment.>® A previous study reported
that maintenance of conservative treatment
with NPO and octreotide up to more than
10 days before switching to surgery resulted
in poor postoperative outcomes.® Several
studies recommended secondary invasive
treatment if the chest tube output exceeds
>100 ml/kg/day or >1 L/day for 5-7 days,
>100 ml/day continuously for >2 weeks,
remains unchanged for 1-2 weeks, or the
patient deteriorates (in hemodynamic,
nutritional, or metabolic aspect) despite
on consecutive NPO or TPN.>>!"17 There
is a portion of patients (13-27%) with
high volume chylothorax unresponsive
to 7 7-day NPO strategy, hence requiring
further invasive treatment.'>'® Our patient
reported above is one of the patients who
did not respond well to >7 consecutive
days of TPN and developed complications
such as hypoalbuminemia, lymphopenia,
and fibrosis of lung tissue observed
intraoperatively.

Other predictive factors besides chest
tube output and chylothorax duration
are needed to determine a portion
of patients who have a higher risk of
developing high-volume and refractory
chylothorax. Patients with higher risk
may need to be considered to receive
early invasive treatment to minimize
complications of prolonged high-volume
chylothorax. Previous studies suggested
that some risk factors are associated with
failure of conservative management and
needing early surgical treatment, such
as high venous pressure in the SVC, low
postoperative albumin, premature birth,
high volume loss, as well as low body

weight and height.*”"

CONCLUSION

Chylothorax ~ poses a  significant
postoperative complication in pediatric
cardiac surgery, yet a standardized

guideline for its management is currently
lacking. The timing for transitioning to
invasive treatment is contentious, with a
paradigm shift favoring earlier utilization
of invasive treatment to minimize
complications associated with prolonged
high-volume chylothorax. Further

studies are needed to determine other
predictive factors of developing refractory
chylothorax besides chest tube output and
chylothorax duration.
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